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METHOD AND APPARATUS FOR VARYING 
THERMAL conductivity 

Jay G. Lindberg, Downey, Calif., granted to National ^ 

Aeronautics ana Soace Administration under the provi- 
sions of 42 U.S.C. 2457(a) 

Filed Jan. 10, 1963, Ser. No. 250,567 
8 Claims. (CL 165—2) 

This invention relates to method and apparatus for io 
controlling heat flow and particularly concerns adjust- 
ment cf thermal conductance. The methods and ap- 
paratus of this invention are useful for regulating tem- 
perature.. 

The control of temperature of apparatus is a problem 15 
of great importance in many fields of technology today. 
Temperature is usually controlled by the addition or sub- 
traction of heat in a system whose heat transfer charac- 
teristics with its environment are substantially uniform. 
Thus, for example, the- temperature of electronic com- 20 
ponents operating in a temperature . above ambient is • 
controlled by providing a path for beat transfer from the 
electronic components tc the enviroment wheiein the rate 
of heat transfer is higher than the maximum rate of heat 
generation in the components, sensing the temperature 25 
of the components, and adding heat to the system by 
an electric heater in order *o counter-balance the excess 
heat loss to the environment. By cortrollably varying 
the quantity of heal added to such a system in equilibrium 
with its surroundings, its temperature can be controlled. 

It has also been a common p: act-ice to provide heat 
transfer between two regions at different temperatures 
wherein the rate of hsr?t transfer is a predetermined 
quantity. Thus, for a first example, high rates of beat- 
transfer , are provided in many types of equipment to °° 
minimize the temperature gradient between the equip- 
ment and its environment. As a second example, in- 
sulation to minimize the quantity cf heat transferred is 
often interposed between regions at different temperatures 
to maximize the difference in temperature between the two ' 
regions. Thus, the rate of heat transfer is maximized or 
minimized in any particular example to an extent that is 
compatible with the other physical properties required 
of the heat transfer system. The heat transfer rate is 
. controlled to the extent that it is fixed at a predetermined * 
value by means of selecting the geometry and physical 
properties of the heat transfer medium. In static heat 
transfer mediums ’ such as thermal insulation, the total 
thermal conductance of the materials employed is 
relatively constant. 

The problem of controlling the temperature of elec- 
tronic components in orbiting or other vehicles in space 
is mere difficult of solution than similar problems in 
terrestrial environments. Heat is generated by the opera- 
tron of electronic equipment and in order to prevent 
excessive temperature rise in the* apparatus this heat must 
be ’ removed from the electronic components. This heat 
can be dissipated only by means of radiation into space 
or by heating an expendable refrigerant or heat sink, qq 
The available solutions to the pfQbjem of dissipating 
heat have been limited to relatively small . stabilized 
vehicles wherein the heat load from the operating devices 
aboard, the vehicle is relatively constant with time. The 
sophisticated systems previously available have been un- 55 
satisfactory because cf the prohibitively large weight or 
size of the system, the complex instrumentation, the re- 
quirement of excessive amounts of electrical energy to 
operate the system,, the limited lifetime of the components 
of the system, or the complexity and multiple oppor- 70 
tunities for malfunction of the system. 

It is therefore a broad object of this invention to pro- 
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vide a method and apparatus for regulating heat flow 
or temperature in a manner which substantially obviates 
the disadvantages described above. 

Thus in the practice of this invention according to a 
preferred embodiment there is provided a method and 
apparatus for regulating heat flow including the inter- 
position of a gas-filled permeable insulation material be- 
tween the apparatus the temperature of which is to be 
controlled, and the environment. Heat is transferred 
from the apparatus through the insulation material to 
the environment. The rate of heat flow’ is controlled 
by varying the thermal coriductance of the insulating 
material. As illustrated herein the thermal conductance 
of the insulating material is varied by means of the pres- 
sure of the gas amid the insulation material. Pressure 
is regulated in response to the pressure of the gas amid 
the permeable insulating material to provide a closed- 
loop pressure control or feedback. 

As an apparatus and method for regulating temperature 
this invention provides a means for sensing a temperature 
linked to the heat flow. The temperature of apparatus 
is sensed and the pressure of the gas in the insulation 
is biased in response to the temperature sensed. The 
preferred embodiment also comprises a pressure regulator 
that is responsive, to the pressure of the gas in the in- 
sulating material and the temperature in the apparatus. 
This arrangement provides a closed-loop temperature 
regulator involving a pressure sensitive variable thermal 
conductance in the control loop, as well as a closed-loop 
pressure control. 

The illustrated structure of the preferred embodiment 
for carrying out the principles of this invention includes 
a body of gas-filled permeable insulating material inter- 
posed between an apparatus and its environment. A 
source of higher pressure gas and a valve in communica- 
tion with and between the higher pressure gas and the 
insulating, material are.provided. A sump of lower pres- 
sure gas or vacuum and a second vUve communicating 
with and between the vacuum and the gas amid the in- 
sulating material is also included. A .pressure responsive 
element such as a resilient diaphragm provides alternative 
selective actuation for each of the aforementioned valves. 
The resilient dirphragm is in communication with and is 
sensitive to the pressure of the gas amid the thermal 
insulation material. A thermal actuator such as a tem- 
perature actuated change of state device senses the tem- 
perature of the apparatus. The thermal actuator is con- 
nected to bias the operation of the pressure responsive 
member. In the preferred embodiment an increase in 
temperature sensed by the thermal actuator above a 
predetermined value causes an increase in the pressure 
of Lhe gas amid the permeable insulating- material thereby 
increasing the thermal conductance of the insulating ma- 
terial. Increase in the thermai conductance of the in- 
sulating material likewise increases the rate of heat flow 
through the insulating material. 

Thus it will be seen that dual feedback loops are pro- 
vided. A first closed control loop involves sensing a 
quantity linked to the heat flow to effect variation of a 
pressure that controls the rate of the heat flow. The 
second Closed control' loop involves feedback control of 
the variable pressure itself. The hvo control loops are 
combined in the preferred embodiment in the operation 
of a unique pressure and temperature operated control 
valve. 

A second embodiment illustrates the bidirectional con- 
trol of thermal conductance by varying the composition 
of the gas amid the thermal insulating material. 

Thus it is a broad object of this- invention to provide 
a new and improved method and apparatus for the regu- 
lation of heat flow. 
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It is an object of this invention to provide a structure conduction and convection is changed. . Heat transfer by 

and method for regulating temperature in an apparatus, the mechanism of radiation and solid conduction is reta- 

il is a further Object . of this invention to provide ;a - ’ lively uncTected by pressure. An exemplary illustration 
.method and apparatus for. controllably varying the . of the variation in thermal conductance that is obtained 

thermal conductance of. a thermal insulator. - ’ .5 is in the graph of FIG. 1. The linear ordinate on this 

It is another object of this invention to vary pressure as ' graph is the thermal conductance in the units of British: 
a function of temperature., , Thermal- Uoits-ihch per Bour-sq. ft. -degree Fahrenheit 

It is still another object of; this invention to control (B.t;u,.-ln./hr.-’ft. 2 -F.). The logarithmic abscissa on the 
temperature by means of pressure control. . ■ . graph is the pressure of a gas in a permeable- insulating: 

It is a further object of this invention to provide a pres- |q material .expressed in the units of millimeters of mercury 

sure regulating valve responsive to temperature* ■ ' . (I torr— 1 millimeter of mercury:); 

Other objects and many of the attendant advantages of ■ ' A family of curves is plotted an the graph of FIG. I. 

this invention will be readily appreciated as the •same be- • Each of these curves represents thermal' conductance of - 

comes, better understood' by reference to the' following the insulation as a -function of pressure' at a particular . 

-detailed' description when, considered in connection with 15 mean temperature of the Insulating material. These tern-, 
the accompanying drawings whe-rem: ' * . peratures are the mean of the temperatures on’ the hot 

' FIG. 1 is a graph showing an. exemplary variation of and cold sides of the Insulation respectively and. are indi- 

thermal conductance as a function of the pressure of a - cated in degrees Fahrenheit at the right side of the graph, 

gas in' a gas-fi lied/ permeable Insulating material/ _ The particular curves plotted on, -this graph represent the 

FIG. 2 'illustrates a lieai flow -apparatus- -embodying the 20 thermal conductance of an insulating material comprising 
■principles of this invention*- . & matrix .of solid glass fibers permeated with helium' gas. 

FIG. 3 is a sectional view showing, in more detail the The glass has a specific gravity of- 2.0! >^d an average 
control valve of FIG. 2, - filamept diameter of about 2.6 microns* 1 he fibrous glass 

FIG. 4 is a sectional view of a second embodiment of substance is packed to an ’apparent density, of 8.35 lbs. 

the adjustable cap of the valve of FIG. 3 r and 25 per cubic foot. ■ , 

FIG. 5 illustrates another heat flow apparatus embody- The curves presented are. for helium in, the specified 

ing the principles of this invention: permeable solid- substance., however, . the shape cf the' 

Throughout the drawings like numerals refer to like curves in FIG. 1 is typical of the shape of curves that are 

parts.- - obtained for other gases permeating the same or other 

The *erm thermal conductance as used in relation to 30 solid substances packed to the same or different densities, 

the drawings and the description refers to a composite of These curves show a' portion of relatively slight variation 

the heat transfer characteristics, of' a material and is a in -thermal conductance at low gas pressures. The ahso- 

physical property characteristic of the insulating material lute .magnitude of the thermal conductance is also very- 

mentioned, herein. The insulation or insulating .material low*. At higher pressures a second portion of relatively 

considered herein is a- permeable solid substance contain- 3.5 slight variation in thermal conductance is also present and' 
ing a gas amid she solid substance. . The thermal con- ■ the absolute magnitude of the thermal conductance in this 
ductance is, therefore, a composite of the factors effecting higher pressure regime is many times greater than the 
a heat transfer by means cf thermal conduction through thermal conductance in the first mentioned lower pressure 
the solid substance in the permeable Insulation, conduq- ' regime. Intermediate between the pressure regimes show- 
tion through the gas in the interstices of the solid sub- 40 ing relatively slight changes in thermal conductance is a- 
stance, convection of the gas in the Interstices arid radia- pressure regime n .which the thermal' conductance shows 
tion from one portion of the solid substance, to another. a rapid variation as a function of gas pressure. For 
The thermal conductance of a permeable Insulating ma- helium in the specified solid substance the pressure range ' 
terial is dependent on the composition, and geometry of of relatively rapid variation In thermal conductance for 
the solid substance In the permeable insulation material, 45 the temperature ranges illustrated lies between about 6.01 
the composition of. the gas amid the solid substance, the torr and 1000 tom . 

mean temperature of the insulating material, and the pres- A change in the composition or geometry of the solid 

sure of the gas In the interstices of the solid substance. substance, the degree of packing or the composition of 

When, a permeable substance Is packed into a space to the gas (as more fully described hereinafter), will change 
provide .a. body of insulating material, it assumes a par- 50 the magnitude of the thermal conductance of the insulat- 
tic-ular apparent density of solid material which remains ing material. Curves of the thermal conductance of these 
substantially constant during the life of the insulation. ' substituted Insulating materials as a function of pressure 
The initial pecking results in a certain constant degree of also include regions of relatively invarient thermal con- 
contact between the individual particles, fibers, cells, or ductance at higher and lower pressures. Likewise a re- 
other forms of the solid substance so that the thermal con- 55 glon of relatively rapid rate of change of thermal con- 
duction through the solid portion of the insulating rna- , ductance as a function of pressure Is also present at an . 
terial remains substantially constant. The initial packing intermediate pressure range. The pressure range in which 
of the solid substance, also determines the size and geome- the rapid rate of change of thermal conductance occurs, 
try of the interstices amid .‘the solid substance. Thus the _ will be somewhat, although not substantially, influenced- 

individual path lengths fori gas conduction and the degree 60 by the nature of the gas and the solid substance. In- any- 

of constraint of convection of the gas In the Interstices is. of these variants the changed properties have considerably 
fixed. The original .packing, determines .the length and . decreased effect when the pressure of the .gas amid the- 
path of the radiation heat transfer from individual areas. .permeable substance is lower than about 0.0 1 torr. 
of 'the solid su.bkia.nce to .other' areas of the solid. The As illustrated in FIG. 1 the thermal conductance versus 

relative importance of solid* conduction, gas conduction, 65 pressure curves are a function of the .mean temperature 
convection and radiation as foeat transfer mechanisms de- in the insulation. At extremely low temperatures the effect 
pends on the composition and- pressure of the gas in the of pressure on the thermal conductance is less than at 
interstices," the composition and geometry of the solid higher temperatures. .Thus, for example, an increase In. 

substance and the' temperature ai which the heat transfer . pressure from 0.01 torr to 10G0 torr at —450° F. yields 

is conducted.’. . ' • 70 a tenfold change in thermal conductance. A similar - 

. The result is that at a given - pressure the thermal con- change in pressure of the gas when the insulating material 
.ductance of a given body of insulating material is con- • has. a mean temperature of. 100® F. yields more than, 

slant at any. chosen mean temperature. .However, if the a hundredfold increase in thermal conductance/ At pres- 

pressure of the gas ' in the interstices is changed, the qnan- .surds below 0.01 torr the rate of change of thermal con- 

tlty of heat that can be transferred by mechanism of gas 7'5 ductance as a function of pressure is so low that further 
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redaction in the pressure is seldom required. Likewise 
an increase in the pressure of the gas in the insulation 
above 1000 torr does pot yield substantial gains in thermal 
conductance. It is therefore preferred that the gas pres- 
sure in the insulation be maintained within the pressure 
range of 0.01 torr to 1000 torr. 

When thermal conductance of an insulating material, 
is varied, the rate of heat flow through a body of that 
insulating material will also vary-. When siicb a body 
is interposed between two regions having tw.o tempera- 
tures which arc different from each other, heat will flow 
from the higher temperature region to the lower tempera- 
ture region, and the quantity of heal, that- flows between 
the tw'o regions is determined, by the thermal. conductance 
of the body of insulating material. As the conductance 
is increased the rate of heat flow is increased and as the 
conductance’ is decreased the rate oi heat flow’ is decreased. 
Bidirectional' control of the he 2 l flow is obtained by bi- 
directional control of the thermal conductance. 

In any given heat transfer system involving thermal con- 
ductance it is usually not convenient to continuously vary 
the area through which heat is flowing nor the thickness 
of the body of insulating materiai. The quantity of heat 
flowing across a body of insulation is dependent bn the 
temperature gradient across the. insulation. Thus, the tem- 
perature gradient could te varied to affect the rate of 
heat flow but this is usually not convenient or may be the 
very quantity it is desired ultimately to control. Thus, 
a convenient way to vary the rate of heat flow in a heat 
transfer system involving thermal conductance is to vary 
that thermal conductance. 

As has been illustrated in FIG. 1 the thermal con- 
ductance cf a permeable insulating material is varied by 
means of variation in pr?ssure of a gas amid a solid in- 
sulating' substance. Bidirectional control of the rate of 
heat flow is obtained by bidirectional control of the 
thermal conductance of a body of insulating -material and 
bidirectional control of the thermal conductance is con- 
veniently obtained by bidirectional control of the pressure 
of a gas amid the insulating material. 

In order to provide control ft is desirable to provide 
a control means sensitive to variations -in. the rate of heat 
transfer. .This control means should respond to variations 
in the heat transfer rate to cor. troll ably vary the pressure 
of the gas in'the insulating material. In mechanizing the 
sensing of the quantity of heat flowing it is convenient to 
sense a quantity linked to the rate of heat flow’-. In the 
illustrated embodiment hereinafter described the quantity 
linked to the heat flow is the temperature of an electronic 
apparatus. Although the temperature of a single portion 
of the system is sensed in the described embodiment it 
will be readily appreciated that other quantities related to 
the heat flow can be sensed and applied within the prin- 
ciples of this invention. Thus, for example, it is contem- 
plated that means can be substituted for censing the heat 
flow directly, sensing the temperature of the environment 
cr sensing a mass flow’, pressure, density, composition or 
other parameter linked to the heat flow. The quantity 
linked to the heat flow’ can thus be one anticipating the 
change in rale of heat flow or a quantity that has a 
changed magnitude as a result of a change in the rate 
of heat flow. Systems are contemplated which anticipate 
and minimize changes in the rate of heat flow and systems 
to restore an apparatus to its original thermal equilibrium 
after a change in the heal transfer rate. 

FIG. 2 illustrates a heat transfer system incorporating 
the principles of this invention. As illustrated in this em- 
bodiment, apparatus is provided separated from its envi- 
ronment by a body of insulating material. The thermal 
conductance of the insulating body is varied by means of 
•control of pressure of a gas in the insulating material. 
A diaphragm responsive to the pressure of the gas pro- 
vides closed-loop pressure control. Means are provided 
foi sensing the temperature cf the apparatus and biasing 
the means responsive to temperature to affect the pressure 
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of the gas in the insulation. Since the temperature of the 
apparatus is dependent on t he. heat flow through the insula- 
tion which. is in turn dependent on the pressure of the gas, 
closed-loop temperature control is provided. 

As illustrated in the embodiment .of FIG. 2 there is 
provided a compartment 10 which is defined and substan- 
tially surrounded by a container having an inner wall 11 
and an outer wall 12 with a gasrfilled permeable insulat- 
ing material 13 interposed between the two walls. This 
insulating material comprises as a permeable solid sub- 
stance a fibrous glass having .a specific gravity of 2.01 
and an average filament diameter of about 2.6 microns. 
This fibrous material is packed to an average apparent 
density of 8.3£ lbs. per cubic foot. Although for the pur- 
poses of exposition a single type of solid substance is de- 
scribed, if is contemplated that this solid substance can 
be in 3ny of a variety of forms such as, for example, 
hollow’ spheres, small granules, fabrics, foams with inter- 
connected pores, platelets, sheets, or o.'.ber types of geom- 
etries which will form a permeable mass. This substance 
may also be any cf a great variety of materials which can 
be selected bv one skilled in the art such as, for example, 
ceramics, metals, plastics such as polyurethane or phenolic 
resins, cerk or animal or vegetable fibers. The solid sub- 
stance need not contribute to the structural strength of 
the walls but may so contribute without departing from 
the principles of this invention. 

The insulating material also comprises helium gas amid 
the permeable solid substance and confined thereto by the 
wails 12 and 12. Helium is preferred as the gas in the 
interstices of the solid substance because of its combina- 
tion of high heat transfer rate, low weight and complete 
safety. Although a preferred material is involved in 
this embodiment; it will readily be appreciated that the 
principles of this invention incorporate the application of 
any gas for use in the insulation; 

The compartment 10 contains, for example, an elec- 
tronic computer 14 the temperature of which it is desired 
to control. The operating characteristics of the computer 
vary considerably if it is used outside of a relatively nar- 
row temperature range. In this embodiment it is desired 
to operate the computer in the temperature range of 100° 
to 140° F. During the operation of the computer, beat 
is generated due to electric current flowing in the com- 
puter. The quantity of heat that is generated is not 
constant with respect to time but varies in response to 
the demands upon the computer. 

Although a single embodiment of apparatus is described 
and illustrated in FIG. 2\ it is contemplated that any of 
a variety of equipment could be substituted therefor in 
the practice of this invention. > Thus, for example, fuel 
cells operating at an elevated temperature and generating 
heat by the electrochemical reaction therein could be 
used in a similar arrangement. It will be appreciated that 
the same principles apply if mechanical devices generating 
or releasing heat due to the compression of a fluid or 
mechanical friction were substituted. These examples are 
illustrative of apparatus that might be installed by ore 
skilled in the art and all presumably operate ui a tem- 
perature higher than the environment external to the 
wall 12. It is also contemplated that the apparatus 14 
could • ■ include a device or portion of device operating 
at a temperature which is below the temperature of 
the environment external to the wail 12. Thus, for ex«- 
ample, it could include the cold portion of a conventional 
refrigeration system or a thermo-electric generator or 
some other lew temperature device that might be se- 
lected by one’ skilled in the art. Thus, although the 
apparatus 14 may be at a temperature higher or low'cr 
than the environment externa] to the wall 12, for the 
purposes of exposition the system of FIG. 2- is- considered 
to involve a temperature regulated electronic computer 
that is at a higher temperature than its environment, 
whereby the direction of heat flow is from the computer 
14 through the insulating material 13 and the walls 11 
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and 1-2 to the environment. . In such an arrangement heat sump of lower' pi assure gas or vacuum 38 is provided, 

is continually generated in the apparatus 14 and . the tern- This sump, may -be either the hard Vacuum of outer space 

perature of the apparatus is -controlled by a selective or some. conventional type of vacuum pump or evacuated * 

f bidirectional variation of thermal conductance of the in- container. This vacuum as in communication with the 
suiating material. If the temperature of the computer 5 second chamber 18’ of the valve 16 by means of a con- 
14 is too great the thermal conductance of the insulation .d-uit 39'.' 

13 is increased and consequenriy the rate of heat 'flow A spring *41. is provided pr ssing against the rigid center. 

from the computer is increased.. If the temperature of hub ■34, on -the diaphragm and abutting against an adjust- 

the. computer is too low the -. thermal conductance of the able cap 42-lha-t;s threaded onto ihe second body portion 

insulation is decreased, hence decreasing the rate of heat ^ 20 of the va-Iv§ housing. By rpeens of the threaded at- j. 

fiow to the. environment. ■ . ’tachmant of tbg- cap. 42 10. the housing' 20, adjustment: of 

A. temperature sensitive pressure, regulating .valve 16 the fdr.ee on the diaphiagm can be obtained. A seal -43 U 

25 provided in.' the heat transfer System as a means for is provided between the. •■adjustable .cap, 42 and the housing 

sensing temperature of the apparatus and varying the 20 of the valving. • j’V 

theiiUr 1 conductance of the insulating material by regu- 15 Threaded into' the cab 42 i> ; . a ‘ temperature .actuated 
fating the pressure 'of the gas In the insulation in- response change, of state device .‘44. The' temperature actuated. 

•to the temperature. The temperature responsive pressure change of state device, contains an active medium 4.5 that | ' 

regulating valve 16 h illustrated in greater detail in FIG. is sealed into the power device by a resilient membrane j 

3. In both figures li-k-e reference numerals, refer to like 46. The active medium comprises a material which, un- 

parts. The- valve audits parts are of circular cross sec- 20 dc-rgoes a melting reaction at a particular temperature. '■ 
lion. This valve has a first chamber 17. and a second • In Ibis embodiment- the active medium' 45 is 15% paraffin 
■ chamber 18 defined. by a first body portion' or housing wax and 25% petrolatum having a melting point of 

19, a second body portion- or housing 20 and a resilient 121° F. When' L-hc active medium melts there is a con- 

diaphragm 21 ' therebetween. The two body portions of comitant increase in volume which is' large relative to the 
the housing are secured together by means of a number 25 normal- thermal -expansion of the active medium. This 
of bojts 22 around the periphery of the ‘circular valve volume' change forces the .resilient membrane' 46 outward f. 

housing.' The diaphragm 21' extends beyond the bolt so as to press against a plunger 4 7 of a relatively small 

circle cm the housing, and provides a gas seal between cross-sectional area, thus providing a large displacement 

the two body portions of the valve and the environment of of the plunger 47. Further details of temperature ac- 
the valve. , . 30 lusted change' of state devices suitable for use in the fe; 

The first chamber of the- valve comm uni ca. with the -illustrated embodiment are described in .U.S. Patent | 

insulating material 13. by way of a poppet valve , *e and 2,938,384 to £. M. Soreng ei al. for a “Temperature 

a conduit 23. A poppet valve 24 is mounted in. the bore Actuated Power Device*' and in U.S, Patent 2,636,776 to 

between the first chamber and a source of .higher pressure- S. Vernet for a “Pressure Operated Device. 1 ” A te rape fa- 

helium gas 27. The poppet valve in Its normal closed 35 lure actuated change of state device of the type described <• 

position has a conical portion 25 which seat’s against -a is preferred for use in this invention because of the {;,/ 

mating conical portion of the first body portion 19 to. large displacement that is obtained over a very short tern- 

form a seal between the first chamber and the pressur- perature range compared with the displacement that is 

ized helium gas. An orifice bearing X6 is provided in obtained, over relatively broad adjoining temperature 

the first body- portion, of. the valve as a guide for. the 40 ranges. However, it. should be readily appreciated by one 
poppet valve 24. This 4 orifice bearing includes a path of- skilled in the art that other displacement producing 

small cross-sect ional area for gas to flow between the thermally actuated devices may be substituted in ' other 

first chamber and the. conduit 23. In the illustrated- em- embodiments of temperature sensitive pressure regulating 

boatmen t the source of higher pressure gas 27 ('FIG. 2) valves. Thermal actuators such as bimetallic elements or 

is a container of corn-pressed helium but it will be readily 45 expanding gases" are contemplated in the practice of this 
appreciated that any conventional source such as a com- invention although of less satisfactory operating charac- 

pressor, the vapor over a liquid or solid, or an some in- t eristics than me preferred temperature actuated change 

stances the atmosphere at one atmosphere pressure can of state device. 

; also be used . as a source of higher pressure gas. It is ‘also contemplated that a combination of tempera- 

A conduit 28. connects the poppet valve 2-4- with the ture actuated change of state devices and bimetallic ele- 
; sourc? of higher pressure gas appropriately regulated by m'ents or similar thermal actuators may be employed in 

a ‘pressure regulating valve 29. A snap ring 31 secures the pracliceof tnisinvehtlon. Thus, for example, a corn- 

: the orifice bearing 26 in the first, body portion of the bination . of two temperature actuated change of state- de- 

valve. A small spring. 32 between a snap ring 33 and . vices and a, bimetallic element could be arranged- to pro- 
I the orifice bearing urges the poppet valve into a closed 55 vide a large degree of expansion at tw r o discrete tempera- 

position with its conical portion 25 seated against the lures and' a*. continuous variation of expansion -between the, 

mating portion of the valve housing. The -orifice bearing two temperatures. Substitution of combination thermal 

26 constricts the passage between -the conduit 23 and the actuators in other embodiments of pressure regulating 

first chamber -so that pressure buildup can occur in the means can be made by those skilled in the art. 

insulation when the poppet valve is opened before the GO A spring 48 is provided between the plunger 47 and 
buildup occurs in the first chamber. This constriction the rigid center hub 34 on the diaphragm in order to 

in the passage of gas between the insulating material and apply the motion of the plunger as a force against the 

the- first chamber also reduces the rate, at which gas is diaphragm. Tfic spring 43 also" provides a restoring force 

f withdrawn from the insulation when the valve operates- to the plunger 47 upon solidification arid contraction of 

j as hereinafter described.' -. ' 65 the active medium 45. When the’ temperature actuated 

The resilient diaphragm 21 between the first and second change- of state device increases to a temperature where 

chambers is provided with a rigid central hub 34, -having melting, of the active medium' 45 occurs, the plunger 47 

. a seif - relieving orifice 35 which communicates with and is pressed toward the diaphragm. This motion, as tram- 

!. provides a means. for gas flow between the first chamber mined by the spring 48, biases -the.-diaphragm. toward the 

17 and the second chamber IS. :A pad of resilient ma* 70 first chamber 17. Conversely solidification and contrac- 
! terial 36 is secured to the end of the poppet valve stem tion of the active medium 45 reduces the bias on the di- 

I • 24 to provide a gas seal between 1 the first chamber and aphragm. The active medium, 45 is arranged -in good 

f - the orifice 35. .The orifice 35 and the sealing pad 36 heat, transfer relationship to. the' electronic computer 14, 

‘ serve as a val ve between the first chamber and the second ' the temperature of which it is desired to control. 

| chamber. Ir order to operate the illustrated system a 75 In the practice of this invention as revealed in the pre-‘ 
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ferreci illustrated- and described embodiment, the tempera- the housing and gas is free to flow from ! he conduit 21 
iure of an electronic computer 14 is controlled by a dosed to the insulation by way of the conduit 23.' As the 

loop temperature controlling system. Heat, is generated pressure of the gas in the insulation and the first chamber 

in the electronic' computer which operates at a tempera- increases the force against the . .diaphragm increases, 
lure above the temperature of the ’environment. The $ counterbalancing the force of springs 41 and 48 restoring 
• computet 'is isolated from the environment by a body of . the diaphragm, to its •equilibrium position and closing the 
insulating material 13, the thermal conductance' of which poppet valve 24, 

is variable -in response to the pressure of a gas in the in- In the described embodiment when the temperature of 

. sulatirig material. ' The quantity of heat flowing from the electronic computer 14 increases, to a value higher 

the - electronic computer to 'the environment through the than the -melting point, of the -active- medium 45 in the"- 

body of insulating- material is -determined by .the thermal temperature- ' actuated- change of state: device 44,- this" 
conductance of the insulating material. Pressure control medium will melt and thereby' 'expand in volume, arid 
of the gas in the insulating material, is provided' by a tem-. force the plunger 47 in a direction toward the' diaphragm, 
perature-sensifive pressure-sensitive regulating valve. This motion; on one end of' the spring 48 -results m ah 
When', the temperature of the computer rises above 15 increased, force against the diaphragm’ thereby .biasing 
121° F., a value linked to the melting point of the active.. . the equilibrium position of the diaphragm in such a di- 
medium in the valve, the pressure of the gas in the in- recticn that an.. increased pressure is required in the first 
sulati'on -is increased by a closed loop control more fully chamber and, hence -in the insulation to restore the dia- 
described hereinafter. Increase in the pressure of the gas. phragm to- its equilibrium position. That is to say, the 
increases the thermal conductance which increases the -20 total urging force on the diaphragm from the two springs 
rale of heat flow from the 'computer to the environment. . ,41 and 48 must be offset by an increased pressure in the 
Increase in rate of heat flow decreases the temperature first chamber 17 in order to keep the poppet valve 24 
of the computer to- restore the sensed temperature to its and the self relieving orifice 35 closed. When melting 
desired equilibrium value: r ' , occurs in the active medium and the force against the dia- 

When the temperature of the computer decreases the 25 phragm is increased, displacement occurs in the <lia~ 
pressure of the gas in the insula ring material is decreased phragm, which presses the poppet valve 24- so as to com- 
which . reduces the thermal, conductance of the insulating press the spring 32 ana open the. poppet valve, thereby 
material to effect reduction of the rate of heat flow from allowing higher pressure gas to enter the first, chamber 17 
the electronic computer to the environment and conserve- and the insulation. This increased pressure in turn acts 
tion of the heat generated- in the electronic computer 30 to C0tmte r balance the urging force of the springs and 
whereby .a rise in the temperature occurs' to retain or re- press the diaphragm toward the second chamber allowing 
store the temperature to its desired equilibrium range. the spring 32 to close the poppet valve. Thus, a new 

In the condition when the electronic computer 14 is -in equilibrium pressure exists in the pressure regulating valve 

its optimum temperature range,.- the valve 16. is' in its , and the Insulation which is greater than the equilibrium 

equilibrium condition with both the poppet valve 24 and 35 pressure when the active medium is solid! ' 

the self relieving- orifice 3 S' closed. That is, the conical Increased pressure of the gas in the insulation increases 

portion 25 of the poppet Valve is in sealing relation to the the thermal conductance of the insulating material which 
mating ‘portion of the housing 1.9 of the valve and the . results man increased' rate of. heat Bow through the body 
self relieving orifice 35 is in sealing relation to the re- of insulating material,- This through the chain of oper- 
silient pad 36. The pressure of the gas in the insulation 40 ative interconnections the rate of heat flow is responsive 
13 and in the first chamber 17 is --equal. The pressure to the sensing of -temperature of the apparatus in the sys- 
differential across the diaphragm 21 between the first and tem. In the described embodiment 'when the heat flow 
second chambers urges the diaphragm toward the evacu- from. the apparatus to the environment is small, the tern- 
ated second chamber and the force Is ’ exactly -'balanced pera lure of the electronic computer as sensed by the tem- 

by the urging forces of the springs 41. arid 48. The poppet 4 5 p era tube actuated change of state device will tend to in- 

valve 24 is held closed by the force of ibe spring 32.- crease. When the temperature increases, to a value where 

When the pressure of the gas in the insulation, and in the temperature sensitive medium in the temperature a:e- 
tbe first chamber increases above a predetermined value, ' turned change of state device melts, the temperature bias 
which value can be adjusted by means of the screw can on the diaphragm is increased and. the valve is actuated 
42, the diaphragm. -is displaced toward the second chamber 50 to increase the pressure of the gas in the insulation and, 
IS and the self relieving orifice is no longer in sealing re- therefore, the rate of heat flow. ' 
lation. to the resilient pad 3$. which is secured to the Conversely upon solidification of the active medium the 

poppet valve stem 24. When the self -relieving orifice plunger of the temperature actuated change of state de- 
ls thus opened the gas in the. first .chamber is free 10 pass vice retracts under the urging force of the pressure differ- 
to the second evacuated chamber, hence lowering the 55 en rial -across the diaphragm' as transmitted by spring 48. 
pressure of the gas -in the. .insulation. The orifice bearing The force of the spring 48 against the diaphragm, is d'e- 

24 restricts the flow of' gas from the insulation ’s.o that- an creased by the retraction of the plunger thereby allowing 

excessive quality of gas is not removed from the insula- the diaphragm to move toward the second chamber under 
tion in the' pressure lowering operation thereby conserv- the pressing of the pressure differential between the first 
ing. tlie pressurizing gas. . When the pressure in the' first GO chamber and the' second .chamber. When the diaphragm 
..chamber of the valve and. hence in the insulation de- moves toward the second chamber the self relieving ori~ 
creases -to a value that is insufficient t-o sustain* the dis- fice in the rigid center hub moves 'away from the resilient- 

placement* of the diaphragm 'against the force of the . sealing pad on the poppet valve stem thereby 'opening 
springs,, the diaphragm returns to its equilibrium position . lib's means for valving and allowing gas to flow from 
.and the orifice 35 is'closed against the resident -pad. The Go- the first chamber of the valve to the sump of lower pres- 
pressure of the gas in the insulation becomes -static and sure gas or vacuum. This in turn removes gas from the 

.the valve is .again in its equilibrium condition. insulation through the. orifice bearing 26 and the conduit 

When the regulated pressure of the gas in- the first . 23. When the pressure in the first chamber has de- 
chamber 1?' ancf in the insulation drops to a value where cremed a Sufficient amount,' the force on the diaphragm 

the urging force of the. springs 41 and, 48. overcomes the 70 due to the pressure' differential between the first chamber 
' force of pressure differential across the- diaphragm and and the second chamber is decreased and the urging forces 

the force of the spring 32, displacement of the diaphragm of the springs 41 and. 48 returns the diaphragm to . its 

and its rigid center hub wrH ' occur. ’ This, displacement equilibrium position with both the poppet valve and the 

compresses the spring 32 and moves the poppet valve 24 self relieving orifice closed. The decrease in ' .pressure of 

so that the conical portion 25 is no longer seated against 75 the gas in the insulation material decreases the thermal 
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conductance" of the body of insulating material and re-- 
duces the rate of heat flow between the apparatus and the 
environment. Continued heat generation by operation of 
the electronic computer will once again be in balance with 
heat loss to the environment and the- temperature of the 
computer remains constant: 

FIG. 4 shows a second embodiment. of an adjustable" 
cap 142 for the valve. 16. This cap can be substituted for 
the cap 42 in the embodiment discussed arid illustrated in' 
FIGS. 2 and 3. The cap. 142 differs' from the cap 42 in 
that the temperature actuated change of slate device in- 
corporated in the cap contracts upon increasing tempera- 
ture so that the tempera iure regulating system previously 
described can operate in a manner in some respects op- 
posite to. the manner above described. This laiter type 
of operation is employed when the temperature of the 
apparatus in a system of the type described and illustrated 
in FIG. 2 is to be maintained lower than that of its en- 
vironment and heat is extracted from the apparatus by 
other. means than through the thermal insulation. In this 
type’ of operation it is therefore desired to control the 
quantity of heat flowing from the environment through 
the insulation material to the apparatus in the system. 

The cap 142 is so constructed- and arranged that it can 
replace the cap 42 previously described. The difference 
from the cap 42 lies in the internal construction of a 
temperature actuated change of state device 144 which is 
threaded into the cap. This differs from the change of 
state device 44 in the cap 42. The temperature actuated 
change of state device' 1 44 comprises first and second 
housing portions 150 and 151 secured together by a num- 
ber of bolts 152. A plug 153 is tnreaded into the second 
portion of the housing.. The interior of the temperature 
actuated change of state device is divided into two cham- 
bers by a resiiic^t membrane 146. One of these cham- 
bers contains an active medium 145 which- is of the same 
type as the active medium 45 in the above described 
embodiment. A plunger 147. passes through the first 
housing portion 150 of the temperature actuated change 
of stale device, and through an axial hole in the active 
•medium. The plunger has an -extending shoulder 154 
facing" against the opposite side of the membrane 146 
than the active medium. A compression spring 155 is 
between the shoulder of the plunger and the plug 153 
in the housing of the change of slate device. A seal 

156 is provided between the plunger and the first portion 
housing. The resilient membrane 146 is a fiat circular 
piece with an axial hole having a shoulder 157 raised 
above the surface of the flat portion around the edge cf 
the axial hole: The inner portion of this raised shoulder 

157 presses against the plunger 147 to’ provide a seal to 
prevent the active medium from escaping from its con- 
finement, thereby preventing the resilient ^ ‘membrane from 
slipping relative to the shoulder 154 during movement 
of the plunger 14‘7.- 

This second embodiment of a temperature actuated 
change of state device operates to contract upon increas- 
ing temperature. 'When the temperature ‘of the power 
device increases above the melting point of the active 
medium, this medium melts and increases substantially 
in volume, thereby displacing the resilient membrane and 
hence -the shoulder of the plunger, forcing the plunger In 
a direction to compress the spring 155 and’ decreasing the 
overall length of the temperature actuated change of 
state device. Conversely decrease in the temperature- of 
the power device below the melting point of the active 
medium causes solidification of the medium with a conse- 
quent decrease in volume. The compressed spring 155 
presses the plunger against the resilient membrane end 
the active medium and upon decrease in volume of 
the active medium causes, a motion of the plunger so as 
to increase the overall length of the temperature actuated 
change of state device. . 

When the cap 142 and associated change of state 
device 144 is used in place of the cap 42 with its change 
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of state device. 44 in the temperature sensitive pressure 
regulating valve 16, the operation of the valve portion is 
substantially the same as previously described. When the 
cap 142 is used and the temperature increases . above the 
melting point of the active medium i he plunger 147 moves 
away from the diaphragm 21 arid the pressure -in the first 
chamber 17 and hence in the insulation is. decreased in a 
manner as has been described previously. Thus the dif- 
ference in operation when the. second described cap 142 
is substituted for the first cap 42 is that the pressure in the 
first chamber and hence in the insulation is decreased upon 
an increase of the temperature sensed by the- temperature 
actuated .change of slate device and that the pressure of 
the gas is increased upon a decrease of the temperature 
sensed by the change of state device. The operation of 
the balance of the system described and illustrated iri FIG. 

2 is similar w hen the cap 142 is used on the valve 16. 

The specific embodiments of the invention as described 
above illustrate the practice of the method described and 
provide a means for practicing the invention. It is, how- 
ever, intended to be an exemplary embodiment of but 
one of several forms which may be selected by those 
skilled in the art lo practice the principles of this Inven- 
tion. 

It is sometimes desirable to employ a heat flow system 
involving bi-directionally variable thermal conductance 
w herein the system Is even simpler in design and operation 
than the illustrated embodiment. Thus, for example, 
when intermittent or infrequent change in. thermal con- 
ductance is sufficient to supply the heat flow control, 
manual or simplified automatic control means can be used 
to replace the fully automatic operation of the preferred 
embodiment. Thus, there is illustrated in F'G. 5 a heat 
flow control system embodying the principles cf this in- 
vention wherein the thermal conductance of an insulating 
material is varied in either of two opposite senses by vary- 
ing the composition of gas permeating a solid substance. 
A manually controlled system is illustrated having but 
two readily available values of thermal conductance. This 
embodiment is suited for temperature control of an elec- 
tronic computer 55 that is located in heat transfer rela- 
tionship with a tank 56 which is adapted to contain cryo- 
genic fluids. A body of thermal insulation 57 interposed 
between the computer and the tank is connected to a 
sump of low pressure gas or Vacuum 53 by a conduit. 59 
which includes a valve 60. A conduit 61 connects a 
source of nitrogen 62 and a source of helium 63 to the 
body of insulating material. This conduit includes valves 
64 and 65 which are between the insulation and the nitro- 
gen and helium sources respectively. The body of insu- 
lation. material 57 is a sealed, gas-filled perme?!* 1 a sub- 
stance comprising glass fibers of the same type as has 
been previously described in the embodiment illustrated 
in FIG. 2. 

The computer operates at. times when the tank is empty 
of cryogenic fluid and at ambient tern per?, lute and also 
operates when the tank contains low temperature fluids. 
During the operation of the computer heat i : generated 
and must be dissipated to the environment which includes 
the tank 56. Thus, at least a portion of the heat gen- 
erated in the computer is transferred to the tank through 
the body of insulation 57. The amount of heat trans- 
ferred from, the -computer to the tank through the body 
of insulating material is dependent on the thermal con- 
ductance of the insulating material and the temperature 
gradient across, the insulating material. When the tank 
is at ambient temperatures a relatively low temperature 
gradient exists across the body of insulating material and 
when the tank contains cryogenic liquid* a relatively large 
temperature gradient exists between the computer and the 
tank. In order -to maintain the temperature of the com- 
puter at substantially the same value when the tank is 
. filled as when the tank is empty and at ambient tempera- 
tures, it is desirable to vary the thermal conductance of 
the insulating material, having a high thermal conductance 
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terposed between the housing and the diaphragm, 
and . 

a third spring. in the first chamber interposed between 
the housing and the poppet valve stem to urge said 
poppet valve and valve stem end into position where- 
in said poppet valve and diaphragm orifice are closed. 

3. An apparatus for regulating heat flow comprising- 
a confined body of gas permeated permeable insulating 

material,;, , . . . 

a ..source of pressurized gas,. ' 
a sump of low pressure gas,. 

. a valve 'housing including a resilient diaphragm, 

• thermally actuated means for biasing the diaphragm.- 
means Srid tiding a. first valve for providing fluid com- 
riiunicaiipn- between the source of pressurized ghs 
and the -insulating material, ' ' 
means including a second valve for providing fluid com- 
mumcaiicn between the ' sump of low pressure gas 
and- the' insulating material, 

means for providing fluid communication between the 
insulating material and one -side .of said diaphragm, 
means connected with the diaphragm for opening the 
first valve when the diaphragm is displaced in. a first 
direction, and 

means connected with the diaphragm for opening the 
second, valve. when ihe diaphragm is displaced in a. 
second direction.’ 

4. A method for regulating heat flow comprising, the. 
steps o; interposing a gas permeated insulating material 
between a region, having relatively high temperature and 
a region having relatively low temperature, 

■transferring heat from the region having relatively high 
temperature to the insulating material, . 
transferring heat from the insulating material to the 
region of. relatively low temperature, 
sensing' a quantity -having a Known-, relation' to the 
amount of heat transferred in one of said transferring 
steps, and.- 

varying the composition of the gas permeating the in- 
sulating material in response to the sensed quantity.. 
£. An apparatus for regulating heat flow comprising: 
a body of gas-permeated permeable insulating material 
hounded by a gas. impermeable -wail, . 
a source of pressurized gas,, 
a sump of low pressure gas, 

means including a first, valve for providing fluid com- 
munication between the source of pressurized gas and 
the insulating material, 

means' including, a second valve for providing fluid 
communication between ’ the sump of low pressure 
gas and the insulating material, 
thermally actuated means for opening either of said 
valves in exclusion of The other of said valves and 
pressure actuated means for opening either of said 
valves in exclusion of the other of said valves. 

6. A method for regulating •temperature in an appara- 
tus comprising the steps of: 

interposing a permeable insulating material between 
an apparatus having .a first temperature and a region 
' having .a second temperature; 


10 


15 - 


35 


40 


45 


changing the quantity of beat in the apparatus in a 
. sense 1 to increase the difference between the tempera- 
fure-in the apparatus and the second temperature;- 
transferring heat 'between thp apparatus and the region 
at the 'second temperature through the insulating ma- 
terial; 

sensing said first, temperature; 
permeating .the permeable material ‘with a gas; and 
varying 'the -composirion'. of the gas .in response to the 
sensed temperature. • . 

7. Means for controlling temperature in a compartment 
comprising:- ' 

a .compartment; 

a body of permeable insulating material between -said 
compartment arid its surroundings; 
a gas "having a first composition confined iso as to per- 
meate the -permeable material; and '' 
means fo.r replacing at least part of said gas •having a 
first composition with a gas having a second composi- 
tion; said -gas having a. first composition .having : a 
thermal conductance different from the thermal con- 
ductance of said gas having a second composition. 

8. A ‘method for -regulating temperature in an appara- 
tus -comprising the steps of:- 

interposing a gas 'permeated permeable insulating ma- 
terial- between an apparatus having a first tempera- 
■ lure and' a region having a second temperature.; 
changing the quantity of. beat in the ap ,,cus- In a 
sense to increase the difference between the tempera- 
ture in the apparatus and the' second temperature; 
..transferring heat between the apparatus and the region 
at the second tempera! -u-ic through the insulating ma- 
terial;' 

sensing said first temperature;' 

controlling a valve in response to said, first temperature; 
varying the -partial pressure of a first gas in said per- 
meani'e insulating material by means- of said valve;, 
and ’ 

replacing said first gas. with* a second gas having a dif- 
ferent thermal conductance from said, first gas and 
maintaining the total pressure in said oermeable in- 
sulating' material at a substantially constant value* 
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